Introduction
Although Binet and Rai clinical staging systems for chronic lymphocytic leukemia (CLL) remain the most powerful prognosticators to identify advanced stages for which treatmentfree survival (TFS) and overall survival (OS) are usually short, they provide no risk stratification in early stages, nowadays the most represented at diagnosis. Binet stage A CLL patients normally undergo clinical observation up to disease progression and treatment requirement, for a time frame ranging from a few months up to decades. [1] [2] [3] A number of new phenotypic, molecular and genetic parameters in addition to the traditional clinical features have enabled clinicians to better predict TFS and OS of CLL patients. 1, 4, 5 However, it is still not clear which is the relative importance of the various clinical-biological parameters in the assessment of early stage CLL prognosis. 5 In 2002, two multivariate analyses 6, 7 showed that the immunoglobulin heavy chain variable region gene (IGHV) mutational status, TP53 abnormalities and in one study also del(11q) 6 were independent predictors of OS in stage A CLL.
On the contrary, CD38 had no significant impact. In 2003, ZAP-70 expression was proposed as a surrogate marker of unmutated IGHV, 8 although 20-30% of "discordant" cases were recognized. Since then, a number of studies have tried to demonstrate the superiority of a given parameter in terms of prognostication. [8] [9] [10] [11] [12] The timing of the evaluation of these parameters is also important, as it is now clear that genetic abnormalities can be acquired over time. 13 In this study, we assessed the distribution and clinical significance of a comprehensive panel of clinical-biological parameters prospectively evaluated at diagnosis in all young patients sequentially diagnosed with CLL at our institution, focusing on their predictive impact on the progression of early stage CLL. 
Design and Methods

Patients
Statistics
Prognosis was evaluated as TFS, calculated from the time of diagnosis to the first treatment, death or last follow up. Since no patient died before treatment, the TFS probability has been estimated using the Kaplan-Meier method instead of the Cumulative Incidence Estimation, considering death before treatment as competing risk-and using the log rank test to evaluate differences between factors.
The Cox's model has been used for the multivariate analysis; first, all factors with a clinical relevance or a statistical significance/trend for significance (P"0.07) were included in the model; subsequently, factors which lost significance and were considered less important by a clinical prospective were excluded by the model. The WBC count and the T/CLL ratio cut-off points were estimated by means of martingale residuals.
Results and Discussion
Clinical and biological features of CLL at diagnosis
The distribution of the clinical-biological markers of all 112 patients and of 90 stage A CLL is summarized in Table  1 and Online Supplementary Table S1 . We focused our study on patients younger than 65 years because of the importance of prognostic information in individuals with a long life expectancy, whose expected survival is more affected by the direct effect of the disease than in older patients. 17 However, our results could be applied to the entire CLL population, as no difference related to age is reported regarding the presence of unmutated IGHV or del(17p), 6 the prognostic value of ZAP70, IGHV, CD38, 9 and the CD49d expression. 18 Moreover, age appears to affect more OS than TFS. 6, 12, [18] [19] [20] [21] Unmutated IGHV cases represented 36% of the overall cohort and 25% of stage A CLL. CD38+ (#7%) cases were 26% and 20%, and ZAP-70+ (#20%) were 32% and 27% in the two cohorts, respectively. Thus, unfavorable biological features such as unmutated IGHV, CD38 and ZAP-70 positive expression, can be found in about one-third of young CLL at diagnosis and not exclusively in the advanced stages.
In contrast, prognostically adverse FISH abnormalities are present only in a small subgroup of cases at diagnosis. The incidence of del(17p) (cut off >20% cells) and del(11q) (cut off >10% cells) was 2% and 8% in the entire cohort and 0% and 6% in stage A CLL, respectively. The 11 patients with del(17p) or del(11q) all showed unmutated IGHV, ZAP-70+ in 8 of 11 and CD38+ in 7 of 11. In the analysis, they were pooled with the 8 trisomy 12 cases, because of their small number. TP53 mutation was present in 4 cases (3.6%), 2 in stage A: 3 showed unmutated IGHV and del(17p), and one mutated IGHV and no del(17p).
There was no difference in median WBC count at presentation between the entire cohort and stage A CLL, being 18.4 and 17$10 It is notable that raised !2-m and LDH levels were present only in 5% and 17% of the entire cohort, and in 1% and 7% of stage A CLL, questioning the real utility of !2-m in identifying early stage CLL at high risk of progression. Hypogammaglobulinemia was present in a large proportion of patients (Table 1) . In univariate analysis (Online Supplementary Table S2 ), the following variables were associated with a short TFS: advanced stage Binet B/C and Rai intermediate/high (<0.0001), Hb, PLTs, WBC count (<0.0001) as continuous variables, raised !2-m (<0.0001) and LDH (<0.0001), unmutated IGHV (<0.0001), CD38 + (<0.0001), adverse cytogenetic abnormalities (del(17p)>20%, del(11q)>10%, +12) (<0.0001). The absolute CLL lymphocyte count was also a significant adverse prognostic parameter (<0.0001), reflecting the impact of disease burden, while the T/CLL lymphocyte ratio was a significant favorable variable (0.0004). The T-lymphocyte count showed a strong positive correlation with the WBC (Pearson's correlation coefficient=0.68347, P<0.0001) and was not included in the analysis.
Risk factors for TFS in univariate analysis
Atypical CLL morphology and ZAP-70+ (#20%) were not significant (P 0.07 for both), as well as gender, age, hypo IgG and the CD4/CD8 ratio. The CD4/CD8 ratio was inverted only in 3 cases.
Particularly, TFS was significantly shorter in cases with unmutated versus mutated IGHV (at 36 months, 24.8% and 77%, respectively P<0.0001) ( Figure 1A ) and CD38 + versus CD38-(at 36 months 32.5% vs. 67.9%, P<0.0001) (Online Supplementary Figure S2) .
Cases with del(17p) (>20% cells) or del(11q) (>10% cells) had a TFS at 36 months of 0% and 15.6% versus 
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.7% for cases with +12, 66% for cases with no abnormalities and 66.4% for cases with del(13q) (P<0.0001) (Online Supplementary Figure S3) . FISH abnormalities evaluated with a lower laboratory cut off were much less significant (P 0.0121), as patients with del(17p)>5% had a TFS at 36 months of 77.5% (median 47.1 months). Thus, we prefer to consider the higher cut off for prognostic purposes related to TFS.
We also explored different cut-off points for ZAP-70 and CD38 expression. ZAP-70 10% or more, present in 38.3% of cases, was more significant for TFS (P 0.0021) than ZAP-70 20% or more. The CD38 30% or more was as significant as 7% or more for TFS, but present only in 19% of all cases and in 13% of stage A, as previously described. 22 The results of this univariate analysis are mostly in agreement with other published results, with the exception of ZAP-70.
Multivariate analysis of TFS in stage A CLL
The multivariate analysis of TFS was focused on the 90 patients with Binet stage A, those for whom the prediction of progression is most relevant, and included age, WBC count, Hb, PLTS, T/CLL lymphocyte ratio (as continuous variables), LDH, morphology, ZAP-70 and CD38 expression, IGHV mutations and FISH (del(13q) vs. normal vs. tris12+del(17p)>20%+del(11q)>10%).
High WBC count and unmutated IGHV were shown to be independent unfavorable prognostic factors (Table 2 , model 1). From this model, we excluded the WBC count to verify whether this parameter could show a masking effect on the T/CLL lymphocyte ratio, due to the strong correlation between these variables. Excluding the WBC, a high T/CLL ratio was significantly associated with a better outcome (Table 2, model 2); the IGHV status was still significant.
We also performed a multivariate analysis excluding the IGHV status to identify a "simplified" prognostic model. WBC count and LDH emerged as the independent prognostic parameters of TFS (Table 2 , model 3) in stage A CLL; this model could be easily employed in developing countries or wherever molecular biology facilities are not available.
Thus, we searched for a significant cut-off point for WBC and T/CLL ratio. A WBC count greater than 30!10 9 /L and T/CLL ratio less than 0.2 significantly identified patients with a short TFS (Figure 1B and C) .
Excluding the WBC and T/CLL lymphocyte ratio and considering the absolute CLL cell number, the latter was an unfavorable significant factor in both the entire cohort (HR: 1.014, 95%CI: 1.002-1.026; P=0.0246) and in stage A cases (HR: 1.069, 95%CI: 1.039-1.099; P=<0.0001; data not shown).
The WBC count is always an independent prognostic marker in multivariate analysis including purely clinical [19] [20] [21] or clinical-biological parameters of CLL. 6 However, this simple measure of tumor burden is often not considered, in contrast to the prognostic studies in acute leukemias, where it is invariably included. Our WBC cut off of 30!10 9 /L is a more than reasonable proposal when compared to the 30!10 9 /L lymphocyte count limit which characterizes the "smoldering CLL" 23 or the A' and A'' subgroups, 24 as well as the other proposed risk categories to stratify CLL patients. [19] [20] [21] Our results on the T-cell compartment are strengthened by recent similar observations 25 underlining the importance of the non-malignant host immune compartment in the evolution of the disease. In our study, neither ZAP-70, CD38 (with both cutoff values) nor FISH showed an independent prognostic value, whilst the significant impact of IGHV was reinforced. 6, 7 The scarce number of stage A CLL with del(17p) or del(11q) might account for the lack of significance of cytogenetics in our series. Whilst CD38 does not retain an independent prognostic value when IGHV mutations or other markers are considered, 6, 7, 9, 12, 18 the value of ZAP-70 is proven by some studies, 9 but not by ours or by others. 18 Our findings have some limitations. First, a longer follow up is necessary to further validate our prognostic model as predictor of progression and survival for stage A CLL. Second, our sample size is relatively small and our results represent a proposal that needs to be confirmed in independent larger series. The topic is of interest, as witnessed by the recent efforts of the MDACC 19 to define a widely applicable CLL prognostic index based on the clinical variables of age, gender, "2-m, lymphocyte count, stage and number of involved lymph nodal groups (independently validated by the Mayo Clinic 20 and the Italian GIMEMA group 21 ) and by ongoing European prospective studies on stage A CLL prognostication based on clinical and biological markers.
In conclusion, in a young patient with stage A CLL diagnosis, the IGHV mutational status, WBC count and T/CLL lymphocyte ratio are the most important parameters to predict TFS. Our results meet the need to divide CLL Binet stage A patients into different prognostic groups and may question the utility of performing FISH analysis in the work-up of these patients at first diagnosis, rather than at progression before treatment, as stated in the new IWCLL guidelines. 
